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VEEG monitoring and
electrographic seizures in 232
pediatric patients in ICU at a
tertiary hospital in China

Tian Sang, Ying Wang*, Ye Wu, Qiao Guan and ZhiXian Yang

Pediatric Department, Peking University First Hospital, Beijing, China

Objectives: To investigate neonatal electroencephalography (EEG)

background activity and electrographic seizures in patients in

the pediatric intensive care unit (PICU) who underwent bedside

video-electroencephalography (vEEG) monitoring.

Methods: A total of 232 pediatric patients admitted or transferred to PICU that

underwent vEEG monitoring were retrospectively enrolled in this study, and

electrographic status epilepticus was observed after vEEG monitoring.

Results: The median age was 1.56 years [95% confidence interval (CI) =

1.12–2.44]. Electrographic seizures occurred in 88 patients (37.9%), out of

which 36 cases (40.9%) had electrographic status epilepticus. Prior epileptic

encephalopathy diagnosis [odds ratio (OR) = 6.57, 95% CI = 1.91–22.59, p =

0.003], interictal epileptiform discharges (OR = 46.82, 95%CI = 5.31–412.86, p

= 0.0005), slow disorganized EEG background (OR = 11.92, 95%CI = 1.31–

108.71, p = 0.028), and burst-suppression EEG background (OR = 23.64,

95%CI = 1.71–327.57, p = 0.018) were the risk factors for electrographic

seizures’ occurrence. Of the 232 patients, the condition of 179 (77.2%)

patients improved and theywere discharged, 34 cases (14.7%) werewithdrawn,

and 18 cases (7.8%) died. The in-hospital death rate was 47.6% (10 in 21

cases) in patients with attenuated/featureless, compared to 0/23 with normal

EEG background.

Conclusions: Electrographic status epilepticus occurs in more than one-

third of patients with electrographic seizures. vEEG is an e�cient method

to determine electrographic seizures in children. Abnormal EEG background

activity is associated with both electrographic seizures’ occurrence and

unfavorable in-hospital outcomes.
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Introduction

In critically ill patients, epileptic seizures, with the

majority being non-convulsive seizures (NCS), may be

difficult to detect due to the subtle or the absence of

clinical signs (1–5). They can be caused by unhealed status

epilepticus (subclinical seizures), acute neurologic impairment

(encephalitis, trauma, stroke, and anoxia), and systemic

disorders (metabolic disorders, cardiorespiratory disease,

poisoning, and sepsis).

Video-electroencephalography (vEEG) monitoring is

increasingly being utilized in the identification of epileptic

seizures in clinical practice, especially in patients with impaired

consciousness (6–9). Electrographic seizures (seizure on

EEG) have an estimated occurrence of 20–40% among

children who underwent vEEG monitoring in pediatric

intensive care unit (PICU) (2, 3, 7, 8, 10). Kirkham et al.

(11) reported that either clinical or subclinical seizures are

associated with poor survival outcomes in patients in PICU.

Meanwhile, studies indicated that the occurrence of status

epilepticus in PICU is associated with higher in-hospital

mortality (7, 8, 12). EEG has been reported to affect clinical

management in about 59% of monitored children, most

often by affecting anticonvulsant utilization (13). All these

findings inform us that vEEG monitoring in PICU plays

an important role in both detecting subclinical seizures

and guiding the treatment with anticonvulsants in critically

ill patients.

The aim of the present study was to describe current

pediatric critical care vEEG utilization using a single-

center retrospective study of consecutive patients.

According to the continuous vEEG monitoring in

PICU, we retrospectively investigated the prevalence of

seizures, determined the risk factors for seizures, and

further analyzed the association between seizures and

clinical outcomes.

Methods

Study population

From July 2013 to June 2018, this retrospective study

was conducted on all consecutive patients who underwent

vEEG monitoring in PICU of Peking University First

Hospital, China. This study was approved by the Ethics

Committee of the Peking University First Hospital, China

(No. 2021KY422). If the patient received multiple vEEG

monitorings, the vEEG recording with the poorest performance

was registered. Patients with a vEEG monitoring of <4 h

were excluded. Premature infants with a gestational

age <44 weeks and term infants <28 days after birth

were excluded.

Demographic and clinical information

Demographic and clinical information was gathered from

the patients, including age, gender, hospitalized time in PICU,

prior diagnosis of epileptic encephalopathy, prior diagnosis of

epilepsy, clinical seizures prior to vEEG monitoring, mental

status before vEEG monitoring, prior developmental delay or

intellectual disability, and acute or systemic disorders. Acute or

systemic disorders include neurologic disorder, central nervous

system (CNS) infection, autoimmune diseases, sepsis, previous

hypoxic ischemic encephalopathy (HIE), other structural brain

impairments, mitochondrial encephalomyopathy (ME), and

inborn errors of metabolism (IEM).

vEEG analysis

Bedside vEEG monitoring was performed on each patient

using a Nihon Kohden digital video-EEG 1200C instrument

(Nihon Kohden, Japan), which consists of an EEG-1200c

system program, an isolated power supply unit, an electric J

input box, a mini extension junction box, an input converter,

a signal switching box, an additional electrical stimulation

unit, a light stimulation control unit, a flash lamp, a camera

image input unit, a wire assembly, a peripheral capillary oxygen

saturation (SpO2) adapter, a reusable pulse oxygen probe,

a CO2 sensor, a nose adapter, and digital video software.

The sensitivity is 10–1,500 µV/cm. The EEG electrodes were

positioned over the scalp according to the International 10–20

System. All individuals also underwent polyelectromyography

(PEMG) during the vEEG monitoring. The occurrence and

characteristics of seizures, interictal epileptiform discharges,

and EEG background were collected from the vEEG recording.

Electrographic seizures were recognized according to the

description given in a previous literature (14). Electrographic

status epilepticus refers to single or recurrent electrographic

seizures that last longer than 30min in any 1 h epoch. Interictal

epileptiform discharges refer to sharp/sharp–slow waves, spikes/

spike–slow waves, polyspike slow waves, and paroxysmal fast

activity. EEG background activity is categorized as normal/sleep

waves, slow/disorganized waves, asymmetric/asynchronous

waves, burst-suppression waves, and attenuated/electrical

silence waves, and electrographic seizure characteristics are

seizure duration, clinical seizure correlate, seizure onset

localization, and seizure maximal spread. Moreover, patients

received carbamazepine, diazepam, phenytoin sodium, and

other drug treatments combined with anti-infection treatment.

Statistics and analyses

In the present study, continuous data were presented as

median and 95% confidence intervals (CIs), and categorical data
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TABLE 1 General and clinical factors associated with electrographic seizures.

Variables Total (n = 232) Patients with

electrographic

seizures (n=88)

Patients without

electrographic

seizures (n=144)

p

Gender

Female n (%) 128 (55.17) 45 (51.14) 83 (57.64) 0.406

Male n (%) 104 (44.83) 43 (48.86) 61 (42.36)

Age(years; median) 1.56± 0.145 1.47± 0.326 1.61± 0.178 0.651

Hospitalized time in PICU(days; median) 7 .03± 0.472(6,9) 7± 0.694 (6,11) 8± 0.126 (6,10) 0.942

Prior epileptic encephalopathy diagnosis

n (%) 37 (15.95) 29 (32.95) 8 (5.56) <0.0001

Prior diagnosis of epilepsy diagnosis

n (%) 121 (52.16) 67 (76.14) 54 (37.5) <0.0001

Clinical seizures prior to EEG

n (%) 26 (11.21) 19 (21.59) 7 (4.86) 0.0001

Mental status at EEG beginning

Normal n (%) 10 (4.31) 2 (2.27) 8 (5.56) 0.013

Lethargic/obtunded n (%) 21 (9.05) 13 (14.77) 8 (5.56)

Comatose n (%) 5 (2.16) 4 (4.55) 1 (0.69)

Neurologic disorder

n (%) 195 (84.05) 82 (93.18) 113 (78.47) 0.005

Prior developmental delay or intellectual

disability disabilityintellectual disability

n (%) 71 (30.6) 39 (44.32) 32 (22.22) 0.001

CNS infection

n (%) 27 (11.64) 8 (9.09) 19 (13.19) 0.463

Autoimmune diseases

n (%) 14 (6.03) 7 (7.95) 7 (4.86) 0.499

Sepsis

n (%) 28 (12.07) 8 (9.09) 20 (13.89) 0.378

Structural brain impairments

n (%) 45 (19.4) 13 (14.77) 32 (22.22) 0.222

HIE

n (%) 8 (3.45) 3 (3.41) 5 (3.47) 0.73

IEM/ME

n (%) 44 (18.97) 14 (15.91) 30 (20.83) 0.45

Interictal epileptiform discharges

n (%) 171 (73.71) 86 (97.73) 85 (59.03) <0.0001

EEG background

Normal/sleep n (%) 23 (9.91) 1 (1.14) 22 (15.28) <0.0001

Slow/disorganized n (%) 95 (40.95) 36 (40.91) 59 (40.97)

Asymmetric/unsynchronous n (%) 75 (32.33) 37 (42.05) 38 (26.39)

Burst-suppression n (%) 14 (6.03) 11 (12.5) 3 (2.08)

Attenuated/electrical silence n (%) 21 (9.05) 1 (1.14) 20 (13.89)

CI, confidence interval; PICU, pediatric intensive care unit; EEG, electroencephalogram; CNS, central nervous system; HIE, hypoxic ischemic encephalopathy; IEM, inborn error of

metabolism; ME, mitochondrial encephalomyopathy.

were shown as counts and percentages. The Chi-square (χ2) test

and Fisher’s exact test were used to analyze the factors associated

with electrographic seizures or in-hospital outcomes. The

univariate logistic regressionmodel was established to determine

the risk factors for electrographic seizures. All parameters that

were significant in a univariate logistic regression model were
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TABLE 2 Analysis of related factors for status epilepticus in patients with electrographic seizures.

Variables Total (n = 88) Patients with ES (n = 52) Patients with status

epilepticus (n = 36)

p

Prior epileptic encephalopathy diagnosis

n (%) 29 (32.95) 16 (30.77) 13 (36.11) 0.769

Prior epilepsy

n (%) 67 (76.14) 38 (73.08) 29 (80.56) 0.579

CNS disorder

n (%) 82 (93.18) 50 (96.15) 32 (88.89) 0.369

EEG background

Normal/sleep n (%) 1 (1.14) 0 1 (2.78) 0.425

Slow/disorganized n (%) 36 (40.91) 20 (38.46) 16 (44.44)

Asymmetric/unsynchronous n (%) 37 (42.05) 22 (42.31) 15 (41.67)

Burst-suppression n (%) 11 (12.5) 8 (15.38) 3 (8.33)

Attenuated/electrical silence n (%) 1 (1.14) 0 1 (2.78)

EEG, Electroencephalogram; CNS, central never system; EEG, electroencephalogram.

taken into a multivariable logistic regression model in the end.

The comparison of age and duration of PICU stay between

the electrographic seizure group and the non-electrographic

seizure group was performed by using the Mann–Whitney

U test. All statistical analyses in the present study were

performed using OriginPro Software version 8.5.0 (OriginLab

Corporation, Northampton, MA, USA) and MedCalc Statistical

Software version 15.2.2 (MedCalc Software bvba, Ostend,

Belgium). A value of p < 0.05 was regarded as a statistically

significant difference.

Results

Demographic characteristics of study
population

A total of 232 children were enrolled in the population,

including 128 (55.17%) girls and 104 (44.83%) boys. The median

duration of patient stay at the PICU was 7 days (95% CI =

6–9). The median age of the enrolled population was 1.56 ±

0.145 years. The patient age distribution is plotted in Figure 1.

There were 195 (84.05%) study individuals who suffered from a

neurologic disorder, 27 (11.64%) patients had CNS infection, 14

(6.03%) patients had autoimmune diseases, 28 (12.07%) patients

had sepsis, 45 (19.4%) patients had structural brain impairments,

8 (3.45%) patients had previous HIE, 44 (18.97%) patients

had IEM or ME, and 71 (30.6%) of patients showed prior

developmental delay or intellectual disability. As many as 71.6%

(166) of patients received 4 to 8 h of vEEG monitoring, 21.6%

(50) of them received 8 to 16 h of vEEG monitoring, and 6.9%

(15) patients received longer than 16 h of vEEG monitoring. Of

the 232 patients, 26 patients had clinical seizures before being

monitored for vEEG (Table 1).

TABLE 3 Electrographic seizure characteristics of 88 patients.

Electrographic seizure characteristics n (%)

Seizure duration (n = 62)

<1min 10 (16.13)

1–5min 17 (27.42)

5–30min 1 (1.61)

>30min 34 (54.84)

Clinical correlate (n = 44)

All (100%) 14 (31.82)

Most (50–99%) 12 (27.27)

Some (1–49%) 4 (9.09)

None (0%) 14 (31.82)

Seizure onset localization (n = 44)

Focal 16 (36.36)

Multifocal 21 (47.73)

Generalized 7 (15.91)

Seizure maximal spread localization (n = 39)

Focal 1 (2.56)

Unilateral 14 (35.9)

Bilateral 24 (61.54)

Electrographic seizure characteristics
and variables associated with
electrographic seizure

Table 1 shows that the variables used in the chi-square (χ2)

test and Fisher’s exact test are the significant factors associated

with the occurrence of electrographic seizure (p < 0.05): prior

epileptic encephalopathy, prior diagnosis of epilepsy, clinical

seizures prior to EEG, mental status at EEG onset, neurologic
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TABLE 4 Risk factors for electrographic seizures.

Variables Univariate analysis Multivariable analysis

OR (95% CI) p OR (95% CI) p

Prior epileptic encephalopathy diagnosis

n (%) 8.36(3.6–19.36) <0.0001 6.57(1.91–22.59) 0.003

Prior diagnosis of epilepsy

n (%) 5.32(2.93–9.64) <0.0001 1.99(0.83–4.77) 0.121

Clinical seizures prior to EEG

n (%) 5.4(2.16–13.44) 0.0001 14.26(0.74–275.92) 0.079

Mental status at EEG onset

Normal n (%) Ref Ref

Lethargic/obtunded n (%) 3.09(1.22–7.8) 0.017 12.85(0.78–209.6) 0.073

Comatose n (%) 7.61(0.83–69.34) 0.072 - -

Neurologic disorder

n (%) 3.75(1.5–9.4) 0.005 1.69(0.40–7.08) 0.475

Prior developmental delay or intellectual disability

n (%) 2.79(1.57–4.95) 0.001 1.63(0.11–22.69) 0.718

Interictal epileptiform discharges

n (%) 56.66(7.67–418.66) <0.0001 46.82(5.31–412.86) 0.0005

EEG background

Normal/sleep n (%) Ref Ref

Slow/disorganized n (%) 13.42(1.73–103.91) 0.013 11.92(1.31–108.71) 0.028

Asymmetric/unsynchronous n (%) 21.42(2.75–167.15) 0.004 8.72(0.95–80.29) 0.056

Burst-suppression n (%) 80.67(7.5–868.23) 0.0003 23.64(1.71–327.57) 0.018

Attenuated/electrical silence n (%) 1.1(0.06–18.78) 0.948 - -

OR, odds ratio; CI, confidence interval; Ref, reference; EEG, electroencephalogram.

disorder, prior developmental delay or intellectual disability,

interictal epileptiform discharges, and EEG background. Clinical

parameters that are relevant to electrographic status epilepticus

in Table 2 indicated that the primary variables investigated

in the study, namely, prior epileptic encephalopathy, prior

epilepsy, CNS disorder, and EEG background, were not

significantly associated with electrographic status epilepticus (p

> 0.05).

The incidence of electrographic seizure in the population

was 37.9% (88 of 232). Therein, 40.9% of (36 of 88) patients

with electrographic seizure had electrographic status

epilepticus. The characteristics of electrographic seizure

are presented in Table 3. In total, 16.13, 27.42, 1.61, and

54.84% of patients were accounted for the seizure duration

category of <1min, 1 min-5min, 5–30min, and >30min,

respectively. In patients with electrographic seizure, 36.36%

cases were focal onset, 47.73% cases were multifocal onset,

and 15.91% cases were generalized onset. In addition, 61.54%

patients with electrographic seizure had bilateral seizure

spread localization, 35.9% patients had unilateral seizure

spread localization, and 2.56% patients had focal seizure

spread localization.

Risk factors for electrographic seizures
and in-hospital outcomes

Furthermore, we explored the risk factors for electrographic

seizures in the logistic regression model, as shown in

Table 4: prior epileptic encephalopathy (OR = 6.57,

95%CI = 1.91–22.59, p = 0.003), interictal epileptiform

discharges (OR = 46.82, 95%CI = 5.31–412.86, p =

0.0005), slow disorganized EEG background (OR = 11.92,

95%CI = 1.31–108.71, p = 0.028), and burst-suppression

EEG background (OR = 23.64, 95%CI = 1.71–327.57, p

= 0.018).

In the present study, 77.16% (179 of 232) of patients

had improved condition and were discharged from the

hospital, 14.66% (34 of 232) of patients had not improved

and were voluntarily discharged from the hospital, and

7.76% (18 of 232) of patients died. The associated factors

for in-hospital outcomes are presented in Table 5. It was

found that clinical variables, such as gender, age, prior

epileptic encephalopathy, prior diagnosis of epilepsy, seizure

category, neurologic disorder, CNS infection, structural brain

impairments, HIE, and interictal epileptiform discharges, were
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TABLE 5 Association between clinical variables and in-hospital outcomes.

Variables Total (n = 231) Good outcome (n =1

79)a
Unfavorable outcome

(n = 52)b
p

Gender

Female n (%) 128 (55.41) 100 (55.87) 28 (53.85) 0.921

Male n (%) 101 (44.59) 79 (44.23) 24 (46.15)

Age (years; median, 95% CI) 1.56 (1.12, 2.44) 1.47 (0.96, 2.96) 1.61 (1.06, 2.68) 0.823

Prior epileptic encephalopathy diagnosis

n (%) 37 (16.02) 32 (17.88) 5 (9.62) 0.224

Prior diagnosis of epilepsy

n (%) 121 (52.38) 98 (57.75) 23 (44.23) 0.238

Seizure category

No n (%) 144 (62.34) 108 (60.34) 36 (69.23) 0.497

Seizures n (%) 51 (22.08) 42 (23.46) 9 (17.31)

Status epilepticus n (%) 36 (15.58) 29 (16.2) 7 (13.46)

Clinical seizures prior to EEG

n (%) 13 (5.63) 11 (6.15) 2 (3.85) 0.729

Neurologic disorder

n (%) 194 (83.98) 153 (85.47) 41 (78.85) 0.351

Prior developmental delay or intellectual

disability

n (%) 71 (30.74) 56 (31.28) 15 (28.85) 0.419

CNS infection

n (%) 27 (11.69) 21 (11.73) 6 (11.54) 0.836

Autoimmune diseases

n (%) 14 (6.06) 13 (7.26) 1 (1.92) 0.276

Sepsis

n %) 28 (12.12) 17 (9.5) 11 (21.15) 0.043

Structural brain impairments

n (%) 45 (19.48) 34 (18.99) 11 (21.15) 0.883

HIE

n (%) 7 (3.03) 4 (2.23) 3 (5.77) 0.396

IEM/ME

n (%) 44 (19.05) 29 (16.2) 15 (28.85) 0.065

Interictal epileptiform discharges

n (%) 170 (73.59) 135 (75.42) 35 (67.31) 0.323

EEG background

Normal/sleep n (%) 23 (9.96) 22 (12.29) 1 (1.92) 0.0005

Slow/disorganized n (%) 95 (41.13) 79 (44.13) 16 (30.77) 0.0006

Asymmetric/unsynchronous n (%) 75 (32.47) 60 (33.52) 15 (28.85) 0.0016

Burst-suppression n (%) 13 (5.63) 9 (5.03) 4 (7.69) 0.0085

Attenuated/electrical silence n (%) 21 (9.09) 6 (3.35) 15 (28.85) 0.0008

aImproved condition and discharged; bNot improved condition or dead. EEG, electroencephalogram; CNS, central nervous system; HIE, hypoxic ischemic encephalopathy; IEM, inborn

error of metabolism; ME, mitochondrial encephalomyopathy.

not related to in-hospital outcomes (p > 0.05). Moreover,

patients with sepsis and/or abnormal EEG background in

PICU were more likely to face an unfavorable in-hospital

outcome (p < 0.05).

Discussion

The present study retrospectively analyzed the occurrence

of electrographic seizures and EEG background among 232
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FIGURE 1

Bar plot showing patient’s age distribution.

children who underwent bedside vEEG monitoring in PICU

of a tertiary hospital in China. The results indicate that the

incidence of electrographic seizures was 37.9%, of which 40.9%

electrographic seizures were status epilepticus. In addition,

88.4% patients had an abnormal initial EEG background.

The categories of admission diagnoses in PICU and the

length of ICU stay are quite different from those in an

adult or neonatal intensive care unit (ICU). Acute respiratory

and cardiac diseases, trauma, and seizures are the most

common admission diagnoses in PICU (16, 17). However,

in this study, a large proportion of patients had varying

degrees of primary neurologic disorder, such as ME, previous

HIE, other structural brain impairments, CNS infection, and

IEM, with the reasoning put forth that patients with these

diseases have a poor mental state and were thus considered

eligible for the study. In the present study, the proportion of

electrographic seizures in only 31.8% of patients was completely

correlated with clinical signs, which illustrated the significance

of vEEG monitoring in PICU for the detection of subclinical

electrographic seizures. Electrographic seizures without clear

clinical signs were regarded as subclinical electrographic seizures

in our study. Moreover, a reported research indicated that

75% of critically ill children with electrographic seizures who

underwent CEEG have complete non-convulsive seizures (NCS)

(2). Another study on seizures in infants also showed that

only 21% of seizures detected by EEG are related to clinical

signs (15). All these findings revealed that the majority of

seizures in critically ill patients are subclinical seizures without

obvious clinical signs, which can only be determined by EEG

monitoring. Moreover, the recruitment of patients in our study

was sequential and had no bias for any specific diagnosis.

The confirmation of risk factors for electrographic seizures

can be potential indicators to evaluate the condition of

children in PICU and draw different monitoring strategies (18).
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However, distinguishing patients with a high risk of seizure

is of benefit for the best use of limited EEG resources. Prior

epileptic encephalopathy, presence of interictal epileptiform

discharges, and abnormal initial EEG background are the

risk factors for electrographic seizures determined by this

study. Clinical and electrographic risk factors for seizures,

including clinical seizures, brain impairment induced by

multiple reasons, epileptiform discharges, and abnormal EEG

background activity, have been identified by several studies

(2, 5, 19, 20). Although young age has been regarded as

one of the risk factors for seizures in partial studies (5, 7,

8), it is not a significant parameter in some other literature

(2, 19, 20). Thus, a study with an age-balanced population

can be helpful to illustrate the association between age and

electrographic seizures.

Although there is no common opinion regarding the

association between electrographic seizures and clinical

outcomes, some researchers are striving to prove it. A

study on 204 comatose children concluded that seizures are

associated with an unfavorable outcome in survivor patients,

but not in dead cases (11). Other studies also reported

that status epilepticus, but not all epileptic seizure types,

is related to higher in-hospital deaths (4, 7, 8, 12, 21, 22).

There may be a connection between seizure burden and

poor outcomes, but early seizure detection by EEG and

effective antiseizure treatment may improve the condition

reversely (23). In the present study, sepsis and abnormal

EEG background activity are the associated factors for in-

hospital unfavorable outcomes such as unimproved condition

and death. There is no significant association between

seizure presence and unfavorable in-hospital outcomes in

current research.

There are several limitations to this study. First, the size of

the studied population is insufficient for a comprehensive in-

hospital outcome analysis. It is very limited for determining

the connection of mortality and electrographic seizures. Second,

the population was enrolled in a single institution. Since a

large proportion of the study individuals (84.05%) in the PICU

had neurologic disorders, an admission-rate bias was present

for this research. Third, the limited total durations of vEEG

monitoring might not detect electrographic seizures completely.

The clinical application of vEEG should consider both the

misdiagnosis of abnormal EEG activities and the reasonable

use of healthcare medical resource. Fourth, it is possible that

substantial bias was introduced into this study, because it is

unlikely to monitor patients without neurological symptoms

or risk for neurological complications. Future research is

necessary to investigate how the early detection of electrographic

seizures by vEEG affects the clinical outcomes in critically

ill patients.

In conclusion, this study indicates that the occurrence of

electrographic seizures is over one-third of the population in

PICU. vEEG is an efficient method to determine electrographic

seizures in children. Abnormal EEG background activities are

indicators both for the occurrence of electrographic seizures and

for unimproved condition or even in-hospital deaths.
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